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Green tea (Camellia sinensis) contains several bioactive compounds which protect the cell and prevent 
tumour development. Phytochemicals in green tea extract (mostly fl avonoids) scavenge free radicals, but 
also induce pro-oxidative reactions in the cell. In this study, we evaluated the potential cytotoxic and pro-
oxidative effects of green tea extract and its two main fl avonoid constituents epigallocatechin gallate 
(EGCG) and epicatechin gallate (ECG) on human laryngeal carcinoma cell line (HEp2) and its cross-
resistant cell line CK2. The aim was to see if the extract and its two fl avonoids could increase the sensitivity 
of the cisplatin-resistant cell line CK2 in comparison to the parental cell line. The results show that EGCG 
and green tea extract increased the DNA damage in the CK2 cell line during short exposure. The cytotoxicity 
of EGCG and ECG increased with the time of incubation. Green tea extract induced lipid peroxidation in 
the CK2 cell line. The pro-oxidant effect of green tea was determined at concentrations higher than those 
found in traditionally prepared green tea infusions.
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A wide range of compounds naturally present in 
food scavenge free radicals, inhibit mutagen uptake 
or mutagenic biotransformation, activate or modulate 
cellular detoxifying mechanisms, and protect DNA 
from nucleophilic attack (1-3). Green tea is a rich 
source of fl avonoids, secondary plant metabolites with 
similar chemical structure. They are characterised by 
condensed aromatic rings, which give specifi c colour, 
taste, and smell to these compounds (2-4) and are 
involved in defence against predators and 
microorganisms or act as repellents as well (5). In 
plant cells, different redox reactions generate free 
radicals and reactive oxygen species (ROS). Flavonoids 
effectively inactivate ROS in an early phase of 
development. They also decrease or increase the 
activity of enzymes and cell receptors and can interfere 
with basic cellular biochemical pathways. Under 
certain conditions, fl avonoids can induce prooxidative 
events, which result in cell death (5-8). Even though 
we know a lot about their biological activity, there is 
still much to learn about structural requirements and 
mechanisms responsible for effects they produce. 
Earlier studies (1-7) suggest that polyphenol 
constituents from green tea suppress cancer growth in 
the oesophagus, stomach, colon, liver, pancreas, skin, 
breast, lung, bladder, and prostate.
In this study, we used human laryngeal carcinoma 
cell line HEp2 and its drug-resistant CK2 subline in 
order to determine their susceptibility to green tea 
extract and to its two main fl avonoid constituents 
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epigallocatechin gallate (EGCG) and epicatechin 
gallate (ECG), administered as separate compounds. 
We studied cytotoxicity, lipid peroxidation, and the 
level of primary DNA damage in both cell types.
MATERIALS AND METHODS
Chemicals and reagents
3 - ( 4 , 5 - d i m e t h y l t h i a z o l - 2 - y l ) - 2 , 5 -
diphenyltetrazolium bromide (MTT), malondyaldehyde 
(MDA), NADH, sodium-pyruvate, thiobarbituric acid 
(TBA), EGCG, ECG, and other chemicals were 
obtained from Sigma Chemical Co. (St. Louis, USA), 
unless specifi ed otherwise.
Dried green tea leaves were purchased at a local 
herbal store. To obtain the extract we poured 200 mL 
of 10 % ethanol solution over 2 g leaf samples at room 
temperature and left them to infuse for fi ve minutes. 
The extract was then evaporated to dryness and re-
dissolved in DMSO. In all experiments, the fi nal 
concentration of DMSO was below 0.1 %. Different 
concentrations of catechins and green tea extract were 
prepared in a Dulbecco’s modifi ed Eagle’s medium 
(DMEM). Extract concentration obtained after pouring 
a 200 mL of hot water over 2 g leaf sample was 
considered 1x concentration. All dilutions were 
prepared in DMEM. As proposed in literature (11), 
we tested them for the formation of microscopically 
visible crystals to ensure that all components were 
soluble in DMEM.
Human cell lines
Human laryngeal carcinoma cell line HEp2 and its 
cross-resistant subline CK2 were grown as monolayer 
cultures in DMEM supplemented with 10 % of foetal 
bovine serum, 4,500 mg L-1 glucose, pyridoxine, and 
1 % penicillin/streptomycin solution. The CK2 subline 
was developed in the Laboratory for Genotoxic Agents 
at Ruđer Bošković Institute, Zagreb, Croatia, by 
treating parental HEp2 cells with stepwise-increasing 
concentrations of cisplatin (12). The treated CK2 cells 
developed resistance to cisplatin and cross-resistance 
to vincristine, methotrexate, fl uorouracil, mitomycin 
C, and carboplatin (12, 13). This cross-resistance was 
accompanied with sensitivity to amphotericin B (13), 
greater hyperthermia-reduced intracellular cisplatin 
accumulation, increased levels of markers for invasion 
and metastasis, cathepsin D, and urokinase plasminogen 
activator, and increased expression of integrins (14).
Figure 1  Survival of human laryngeal carcinoma cells HEp2 
and CK2 following 48-h treatment with catechins 
and green tea extract. Results are shown as mean 
values ±SD of three experiments. The estimated half 
maximal effective concentration (EC50) in parental 
HEp2 cells was 473.21 μmol L-1 for ECG, 
283.8 μmol L-1 for EGCG, and 0.176x (with respect 
to the basic concentration) for green tea extract. In 
the CK2 subline EC50 was 284.7 μmol L
-1 for EGCG 
and 0.185x for green tea extract. ECG did not cause 
death to 50 % of cells in the investigated range of 
concentrations.
Cytotoxicity assay
HEp2 and CK2 cells were seeded in 96-well plates 
in the concentration of 6x103 cells per 180 microlitres 
per well. The next day, cells were treated with a range 
of concentrations of either catechin (2.5 μmol L-1 to 
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500 μmol L-1) and green tea extract (0.02x to 0.5x). 
In the latter case, 0.02x corresponds to a concentration 
50 times lower than the original extract concentration. 
After 48 and 72 hours (period of early and late 
exponential phase), DMEM was removed, and cells 
incubated with a 10 % MTT solution (15, 16). Viable 
cells have active mitochondrial dehydrogenase 
enzymes which metabolise yellow-coloured 
tetrazolium salt into a blue formazan. Absorbance was 
read at 540 nm on a Cecil microplate spectrophotometer 
(Cecil Instruments Ltd., Technical Centre Cambridge, 
UK). Each experiment was repeated three times.
Measurement of lipid peroxidation
Briefl y, 13.5 mL of cell suspension (4.5x105 cells) 
was seeded in 10-cm Petri dishes. After attachment, 
the cells were incubated with the highest nontoxic 
concentration of the examined catechins and green tea 
extract for 48 h and 72 h. Positive control cells were 
exposed to 10 μmol L-1 hydrogen peroxide for 30 min 
to induce oxidative stress. After incubation the cells 
were scraped, washed, and lysed in potassium chloride 
(1.15 %) for 30 min. The mixture was centrifuged and 
cell supernatant incubated with trichloroacetic acid 
(TCA; 100 g L-1) at 100 °C for 15 min. The mixture 
was then cooled with tap water, centrifuged at 
1000 rpm for another 10 min, mixed with thiobarbituric 
acid (TBA; 0.8 %), and incubated again at 100 °C for 
15 min. After cooling with tap water, the absorbance 
of the samples was read at 532 nm and then at 600 nm 
(value of nonspecifi c absorbance). The concentration 
of malondyaldehyde-thiobarbituric acid (MDA-TBA) 
complex was calculated from the standard curve (17, 
18). Concentration of cellular proteins was estimated 
using the Bradford method (19). Each experiment was 
repeated three times.
Alkaline comet assay
The comet assay followed the procedure described 
by Singh et al. (20), with some modifi cations. We 
prepared three replicate slides per sample of treated 
cells as described in detail by Rusak et al. (21). The 
slides were immersed in freshly prepared ice-cold 
alkaline lysis solution (2.5 mol L-1 NaCl, 100 mmol 
L-1 Na2EDTA, 10 mmol L
-1 Tris-HCl, 1 % Na-
sarcosinate, pH 10) with 1 % Triton X-100 and 10 % 
dimethyl sulfoxide (Kemika, Zagreb, Croatia) for one 
hour. Alkaline denaturation (20 min) and electrophoresis 
(20 min at 25 V) were carried out in a freshly prepared 
buffer (300 mmol L-1 NaOH, 1 mmol L-1 Na2EDTA, 
pH 13.0) at 4 °C. After electrophoresis, the slides were 
neutralised with 0.4 mol L-1 Tris-HCl buffer (pH 7.5), 
stained with ethidium bromide (20 μg mL-1), and 
analysed using a 250x epifl uorescence microscope 
(Leitz, Germany) and the Comet Assay II image 
analysis system (Perceptive Instruments Ltd., Suffolk, 
UK). To measure DNA damage we selected tail 
DNA % as a reliable parameter. A total of 150 comets 
Figure 2  Survival of human laryngeal carcinoma cells HEp2 
and CK2 following 72-h treatment with catechins 
and green tea extract. Results are shown as mean 
values ±SD of three experiments. The estimated half 
maximal effective concentration (EC50) in parental 
HEp2 cel ls  was 359.2 μmol L -1 for  ECG, 
301.7 μmol L-1 for EGCG, and 0.19x (with respect 
to the basic concentration) for green tea extract. In 
the CK2 subline EC50 was 359.2 μmol L
-1 for ECG, 
255.5 μmol L-1 for EGCG, and 0.178x for green tea 
extract.
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per sample (50 from each replicate slide) were scored 
and data pooled.
Statistical analyses
For statistical analysis we used commercial 
software SPSS version 8.0 (SPSS Inc., Chicago, IL, 
USA). We calculated the standard parameters of 
descriptive statistics. Inter-group comparisons were 
performed using the one-way analysis of variance 
(ANOVA) with post-hoc Dunnett’s test. The probability 
level of P<0.05 was considered signifi cant.
RESULTS
Cytotoxicity of ECG, EGCG, and green tea extract
The MTT test (Figures 1 and 2) and morphological 
analysis of treated cells showed that ECG and EGCG 
were not toxic in the concentration range from 
2.5 μmol L-1 to 50 μmol L-1. The highest concentration 
of ECG (500 μmol L-1) caused a similar toxic effect 
on both cell lines and cytotoxicity of this compound 
increased in the late exponential phase. Even more 
cytotoxic in both cell lines at this concentration was 
EGCG, as measured in the early exponential phase 
after 48 h of incubation. ECG and EGCG concentrations 
in cells exposed to green tea extract were 62.4 μmol 
L-1 and 283.6 μmol L-1, respectively. Even so, green 
tea extract had a signifi cant toxic effect on both cell 
lines at either exponential phase, which increased with 
the time of incubation. In other words, it showed 
higher cytotoxic potential even at concentrations fi ve 
times lower than in a regular cup of green tea 
(concentration = x).
Lipid peroxidation
After 72 h of incubation, green tea extract at 0.1x 
concentration caused lipid peroxidation in both cell 
lines. EGCG (50 μmol L-1) decreased the basal level 
of lipid peroxidation in the resistant subline CK2. The 
two cell lines however did not signifi cantly differ in 
basal lipid peroxidation (Figure 3).
Comet assay
Forty-eight-hour incubation of HEp2 cells with 
green tea extract did not induce signifi cant primary 
DNA damage in comparison to control, but 72-h 
incubation did (Table 1). In contrast, 48-h incubation 
of HEp2 cells with ECG or EGCG decreased tail DNA 
% in comparison to control, but it increased with 
incubation time to values similar to control (Table 
1).
The cross-resistant subline CK2 showed no 
changes in tail DNA % whether exposed to green tea 
extract or either of the catechins and regardless of 
incubation time (Table 2).
DISCUSSION
Cytotoxic effect of catechins and green tea extract
Existing literature data indicate that catechins 
possess antioxidant, prooxidant, antitumour, or 
cytotoxic properties, usually in the concentrations 
ranging from 10 μmol L-1 to 1,000 μmol L-1 (22). 
Although these concentrations are not likely to be 
found in the organism of individuals who consume 
Figure 3  Concentration of TBA-MDA complex in HEp2 and 
CK2 cells after the 48-h and 72-h treatment with 
catechins (50 μmol L-1) and green tea extract (0.1x). 
The results represent mean values ±SD of three 
experiments.
                * statistically significant difference vs. control 
(P<0.05).
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green tea or green tea extract, it would be useful to 
determine potential benefi ts and side effects of high-
dose catechin supplementation. In our study, the 
cytotoxicity of ECG/EGCG and green tea extract 
increased with concentration and time of incubation. 
The cytotoxic effect of green tea extract was greater 
than of either of the catechins. This is in accordance 
with results reported by other investigators (23) and 
can be explained by the synergistic effect of toxic 
compounds in green tea. EGCG and green tea extract 
were more toxic for the cross-resistant CK2 subline 
in the fi rst few hours of incubation (data not shown), 
but this effect ebbed after prolonged exposure of CK2 
cells to green tea extract (Figure 1 and Figure 2). At 
nanomolar concentrations, catechins are rapidly 
biotransformed by methylation, sulphation, and ring-
fi ssion reactions to eventually yield phenylacetic and 
phenylpropionic acids (24). Reactive oxygen species 
are formed during cellular metabolism of higher 
concentrations of catechins and are often responsible 
for their cytotoxic effects in tumour cell lines (25). 
Yamamoto et al. (25) proved that high concentrations 
of green tea catechins did not induce ROS formation 
in normal keratinocytes and that their ROS level 
continuously decreased. Contrary to those fi ndings, 
the same group (25) detected continuous ROS 
formation in oral carcinoma cell lines, suggesting that 
catechins could both induce ROS and scavenge free 
radicals, depending on the cell type. Yamamoto et al. 
(25) have suggested that carcinoma cells are more 
susceptible to the cytotoxic effect of catechins and 
green tea extract than cell lines derived from healthy 
cells, judging by apoptotic events. They have also 
found that response differs between cell types, 
depending on their ability to tolerate polyphenols. 
Cells in frequent contact with catechins can tolerate 
them in higher concentrations. According to Yamamoto 
et al. (25), increased cell sensitivity to these compounds 
is evidenced by its inability to differentiate. Yang et 
al. (26) have proposed another mechanism responsible 
Table 1 Alkaline comet assay fi ndings in HEp2 cells after 48 h and 72 h of incubation with green tea extract and catechins
Sample
HEp2 cell line
Tail intensity / % DNA
48 h 72 h
Mean ±S.D Median Range Mean ±S.D Median Range
Green tea extract (0.1x) 3.17±0.71 1.08 0 to 40.44 9.55±1.03** 1.8 0 to 68.23
ECG (50 μmol L-1) 2.34±0.65* 0.92 0 to 32.03 4.63±0.83 1.26 0 to 31.02
EGCG (50 μmol L-1) 2.19±0.65* 0.78 0 to 39.91 5.82±0.88 1.47 0to 53.27
NC 5.18±0.86 1.22 0 to 54.69 4.12±0.80 1.14 0 to 37.59
SD – standard deviation; ECG – epicatechin gallate ; EGCG – epigallocatechin gallate; NC – negative control
150 comets per compound were measured. Inter-group comparisons were performed using ANOVA with Dunnett’s post-hoc 
test.
* signifi cantly different (P<0.05) from negative control
** signifi cantly different from the other groups
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Table 2  Alkaline comet assay fi ndings in CK2 cells after 48 and 72 hours of incubation with green tea extract and catechins
Sample
CK2 cell line
Tail intensity / % DNA
48 h 72 h
Mean 
±S.D Median Range Mean ±S.D Median Range
Green tea extract (0.1x) 3.48±0.77 0.92 0 to 57.42 6.49±1.00 1.1 0 to 60.32
ECG (50 μmol L-1) 3.78±0.79 1.02 0 to 34.94 4,13±0.81 1.1 0 to 55.08
EGCG (50 μmol L-1) 4.58±0.83 1.17 0 to 42.15 4,52±0.83 1.18 0 to 30.01
NC 3.92±0.91 1.1 0 to 61.56 3,05±0.73 0.96 0 to 53.13
SD – standard deviation; ECG – epicatechin gallate; EGCG – epigallocatechin gallate; NC – negative control
150 comets per compound were measured. Inter group comparisons were performed using ANOVA with Dunnett’s post-hoc test. 
No signifi cant differences (P<0.05) were found between the groups.
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for catechin toxic effects; EGCG inhibits telomerase 
activity causing apoptotic events in the exposed cells. 
Naasani et al. (27) observed a similar effect for ECG, 
as it inhibited telomerase activity by causing G1 
arrest.
Lipid peroxidation
Prooxidative and antioxidative properties of 
bioactive compounds, including green tea extract and 
ECG/EGCG, are determined by measuring MDA, 
which is a product of fatty acid degradation caused by 
free radicals (28). Increased lipid peroxidation after 
treatment with green tea extract was detected in both 
cell lines after 72 h of incubation. The fi nding that 
EGCG decreased the control level of lipid peroxidation 
in the cross-resistant subline indicates its antioxidative 
nature. ECG did not show any effect (Figure 3). The 
antioxidative effect of EGCG in comparison to ECG 
can be explained by the additional -OH group on 5’ 
position of the EGCG molecule (21). Elbling et al. 
(29) showed that green tea extract and EGCG in 
concentrations ranging from 10 μmol L-1 to 20 μmol
L-1 induced oxidative stress and DNA damage in HL60 
cells. However, the levels of EGCG that can be found 
in systemic circulation are measured in nanomolar 
concentrations, while most studies are based on 
micromolar or milimolar concentrations, which seem 
to produce prooxidative effects of EGCG and 
eventually oxidative stress, DNA degradation, lipid 
peroxidation, and H2O2 production (28). Lower 
concentrations and shorter time of exposure in turn 
produce antioxidative effects of EGCG. It is possible 
that EGCG in nanomolar concentrations causes 
hydrogen peroxide production in physiological 
concentrations, which mediates cell signalling 
pathways, proliferation, and differentiation (30). A 
study in humans by Kimura et al. (31) revealed that 
ingestion of a single (164 mg) and a double (328 mg) 
catechin dose in green tea did not change its antioxidant 
activity because they were conjugated or methylated 
after absorption by the digestive system. However, 
antioxidant activity in cells decreased signifi cantly 
seven days after tea catechin consumption stopped 
(31).
Comet assay
Our results show that green tea extract causes DNA 
damage. Its genotoxic effect increased with the time 
of exposure (Table 1). DNA damage was more 
pronounced in the parental HEp2 cell line than in the 
resistant CK2 subline. We suppose that the HEp2 cell 
line has a more susceptible genome. It is also possible 
that the CK2 cell line developed more effective 
endogenous repair mechanisms. A case in point is that 
DNA damage in the CK2 subline caused by catechins 
in the fi rst 48 hours withdrew as incubation continued 
(Table 2).
At 48 hours, both EGCG and ECG protected the 
HEp2 cells (Table 1). Similarly, Kanadzu et al. (32) 
found that EGCG in concentrations ranging from 
0.01 μmol L-1 to 10 μmol L-1 lowered DNA breakages 
in human lymphocytes, but also showed a strong 
genotoxic effect at higher concentrations (1 mmol 
L-1) (32).
Green tea extract and catechins in green tea extract 
cause both antioxidative and prooxidative effects, 
depending on the cell type, time of exposure, and 
concentration. An insight into the exact mechanism 
of genotoxic or protective action would help a lot to 
devise successful application of these compounds in 
human population. Our fi ndings indicate that high 
concentrations of catechins and other biologically 
active compounds can cause serious and unexpected 
side effects.
Even so, biologically active compounds in 
concentrations present in green tea extract can have a 
signifi cant toxic effect on cells resistant to a range of 
cytostatics. This suggests that consumption of green 
tea could help in cancer prevention. Because of its 
inhibitory effect on laryngeal cell growth, green tea 
should take place in everyday diet. However, as green 
tea is a complex mixture of several biologically active 
constituents, future investigations should further 
clarify their apoptotic and anticancer potential.
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Sažetak
GENOTOKSIČNI UČINAK EKSTRAKTA ZELENOG ČAJA NA LJUDSKE STANICE RAKA 
GRKLJANA U KULTURI
Zeleni čaj, koji je vrlo popularno piće, proizvodi se iz biljke Camellia sinensis i bogat je fl avonoidima za 
koje se smatra da imaju važnu ulogu u sprečavanju nastanka raka. Kao najvažniji mehanizmi djelovanja 
fl avonoida najčešće se spominju vezanje slobodnih radikala te sprečavanje nastanka reaktivnih kisikovih 
skupina. Cilj ovog rada bio je istražiti potencijalni genotoksični učinak ekstrakta zelenog čaja te 
epigalokatehin galata (EGCG) i epikatehin galata (ECG), fl avonoida koji se u zelenom čaju nalaze u 
najvišoj koncentraciji. Dobiveni su rezultati pokazali da EGCG i ekstrakt zelenog čaja izazivaju povećanu 
citotoksičnost otporne stanične linije raka grkljana CK2 nakon kraće inkubacije. Produljenjem vremena 
inkubacije povećava se citotoksičnost istraživanih spojeva. Također, ekstrakt zelenog čaja izaziva lipidnu 
peroksidaciju u CK2-stanicama. Prooksidativni učinak ekstrakta zelenog čaja u koncentracijama višim od 
onih prisutnih u infuzijskoj otopini dobivenoj tradicionalnim načinom, imaju prooksidativno djelovanje.
KLJUČNE RIJEČI: epigalokatehingalat, epikatehingalat, glutation, lipidna peroksidacija, oštećenja 
DNA, stanična linija, zeleni čaj
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